PROJECT SUMMARY
Access to broadband is widely recognized as a prerequisite for a community's economic welfare and the delivery of government services. In communities where the private sector is perceived as having failed to deliver adequate and affordable broadband services, municipal and county governments face pressures to stimulate broadband deployment. However, no systematic data documents the nature and status of municipal broadband initiatives, the comparative effectiveness of alternative policies for promoting broadband access, or their implications for local economic development, private provisioning of infrastructure, and the operation of local government. As a result, hundreds of communities are proceeding independently to develop their own strategy, without the benefit of the accumulated experience of those that have gone before, and with no assurance of success. The objectives of this project are to collect, analyze, and disseminate data about the nature and effectiveness of local government initiatives to stimulate broadband deployment, adoption and use, as well as the effects of such initiatives on local e-government and economic development.
No database exists of local government broadband initiatives. Therefore, the project will create one using a combination of primary and secondary sources, telephone interviews, and survey methods. Data gathering will be facilitated by access to the local government membership of the National Association of Telecommunications Operators and Advisors, a project partner. An innovative multi-dimensional classification scheme will be developed to characterize the range of initiatives along institutional, technical, economic, and organizational lines. This cross-cutting research design integrates across disciplines represented by the project's investigators (computer science and engineering, political science, economics, and public policy) and will use feedback from government managers serving on the project's advisory board. Combined with contextual data about communities, the classification scheme is an essential input to statistical analysis of the characteristics of initiatives that will lead to one part of the project's results. This analysis is designed to answer questions such as: What factors lead a community to undertake or decline to undertake a local broadband initiative? What types of broadband initiatives are undertaken? What characteristics of a community determine the type of initiative taken and its outcomes? The project will also carry out at least three detailed case studies of local governments in the early stages of problem-solving and decision-making with respect to broadband access. Analysis of these case studies will complement statistical data gathering and analysis and will explain "Class II" (as identified in the program solicitation) aspects of decision-making and effects of initiatives, in particular on economic and governmental development, that cannot be easily measured, particularly within the project's 3-year time horizon. The intellectual merit of this research is embodied in: (1) its application of existing analytic and theoretical constructs from telecommunications engineering, business economics, and political science to the empirical analysis of local broadband policy; and (2) anticipated theoretical developments addressing the conditions under which public investment in communications infrastructure may be desirable and successful, and illuminating the decision processes leading to such outcomes. This integrative approach will prove valuable to practitioners seeking to understand or formulate local infrastructure policies and to researchers investigating the role of organizational and institutional variables on the development and use of technical infrastructure. This work will have the following broader impacts. First, it will elucidate models to help government make the best use of scarce resources when partnering with the private sector, especially in cases that involve rapidly changing technology. Second, identification and dissemination of effective local government strategies will reduce the effort and time required for action, thereby stimulating broadband availability, increasing competition and encouraging ongoing innovation in network infrastructure. Finally, the working hypotheses and empirical findings that will result concerning the relation of broadband to economic development and egovernment can guide communities as to what communications infrastructure investments to make-and not to make-in order to maximize the benefit for these core functions.
Communities that traditionally have been underserved by commercial telecommunications providers tend to be rural, low-income, and without a substantial business base. In several regions of the country (for example, the Mississippi Delta), these attributes correlate closely with above-average percentages of minority population. Providing guidance to underserved communities as to how best to achieve the benefits of broadband will disproportionately benefit these historically disadvantaged groups.
In addition to training graduate students, we expect the results of this work to be incorporated into graduate coursework. Moreover, we will develop materials suitable for educating local, state and federal government officials regarding our findings. Further, we hope that the academic-local government partnerships we have established for this project can serve as a model for translating and diffusing research results to a broader public.
PROJECT DESCRIPTION

Objectives and Significance
The importance of broadband
Access to high quality telecommunications and data networking by a community is, in today's economy, a prerequisite for the community's economic welfare and for the delivery of local government services. Where once "telecommunications" meant only plain old telephony, today it encompasses services that go well beyond voice, such as broadband Internet access and even digital television. Over the last decade, the Internet has emerged from the confines of academia to become a mass-market service used by over 54 percent of the population. 1 As the U.S. Department of Commerce (2002) recently noted, "Broadband -high-speed, alwayson Internet connectivity -represents the next phase in the evolution of the Internet. Most experts predict broadband will enable applications and services that transform our economy…and usage of broadband will significantly impact the global competitiveness of nations and businesses in the future."
Early Internet use relied on dial-up connections that offer limited capacity (56Kbps or less) and intermittent connectivity. The first generation of advanced services offering "always on" connectivity and expanded capacity (200Kbps to 1Mbps) began to be deployed in the latter half of the 1990s. These include DSL services offered over telephone company copper loops, cable modem services offered over cable television facilities, and a small but growing number of wireless services (satellite and terrestrial). However, there are still significant portions of the population who do not have access to these services. As of April 2001, 87% of large businesses and 85% of medium businesses, but only 56% of small businesses had access to broadband. For households in 2002, some 71% had access to cable modem services, while only 60-70% of households had access to DSL. 2 However, less than 10% of all households -or 20% of Internet households -were subscribing to these services. 3 Moreover, whether many of these services should even be classified as "broadband" has been questioned. The FCC (2002a) defines "advanced services" as capable of providing more than 200 kbps in both directions. 4 By that definition, many cable and DSL systems do not qualify, as they are constrained to upstream bandwidths of 128 kbps or less. At a mere four times the bit rate, 200 kbps represents only an incremental step up from a dial-up modem. Much higher capacity access networks offering services in the 10s to 100s of Mbps per household (or more) will be needed to fully unleash the potential of advanced communications infrastructure. 5 Delivering these services will require investment in new facilities and technologies in both backbone networks --and importantly --local access infrastructure. The magnitude of the required investment is likely to exceed $100 billion. In light of the financial problems faced by the telecommunications sector --including the bankruptcy of many competitive local exchange providers over the last two years and the declining profitability of the incumbent local exchange carriers--the private sector's ability and incentives to undertake this investment is in doubt.
Pressure on communities to act
In those communities where the private sector is perceived as having failed to deliver adequate and affordable broadband services, municipal and county governments increasingly face pressure to stimulate broadband deployment within their geographic jurisdictions. Pressures arise from current and prospective residents who perceive broadband Internet access as essential to their quality of life; from local economic development organizations who link the availability and affordability of broadband with the ability to attract and retain businesses; and internally as egovernment 6 Notwithstanding these pressures to act, however, local governments lack clear, publicly available guidance on the range of feasible approaches, their applicability to specific local situations, and their effects on core government concerns including economic development and e-government. Indeed, there is no systematic data documenting the current status of municipal broadband initiatives, and even less on the comparative effectiveness of alternative policies for promoting broadband access, or the implications of these policies and broadband access itself for local economic development, private provisioning of infrastructure, and the operation of municipal and county government. 8 Indeed, some have challenged the advisability of any form of municipal broadband initiative, 9 and incumbent service providers have lobbied state governments to pass laws limiting the ability of local governments to act. The result is that literally hundreds of communities are proceeding independently to develop their own strategy, without the benefit of the accumulated experience of those that have gone before, and with no assurance of success.
Communities can learn from each others' experience
The goal of this research project is to conduct a systematic, rigorous and multidisciplinary examination of local government initiatives to promote broadband access, with the aim of providing objective information for the benefit of other communities who may be considering their own initiatives. We understand "local government initiative" to incorporate a wide range of activities 10 including: efforts to remove roadblocks to private investment; 11 demand aggregation with local government as an anchor consumer as in Chicago CivicNet; joint public/private partnerships, and even municipally constructed networks as in Bristol, Virginia OptiNet. The multi-disciplinary nature of the project, drawing on experts in political science, economics, and engineering, is needed to address the complex inter-relationships between technology choice, the structure of local government institutions, institutional arrangements adopted for the initiative, 7 Recommendation 4.2, found on p. 35 of this report, states: "Explore public sector initiatives that foster market entry. Initiatives involving public sector actors may provide an alternative to imposing unbundling requirements on incumbents in order to provide increased competition in type 0 [no providers], 1 [monopoly], and 2 [duopoly] circumstances. These initiatives should be articulated, researched, and evaluated with a focus specifically on reducing barriers to entering competitors by building or facilitating enabling infrastructure." (Italics added.) See also pp. 206-215 for further discussion of the appropriateness of a local role in stimulating broadband deployment, and the heterogeneity of local approaches. 8 This last question has been addressed internationally: data from 75 countries, as reported in Geoffrey Kirkman, Peter Cornelius, Jeffrey Sachs, and Klaus Schwab (2002), demonstrates a positive correlation between broadband availability and an index of e-government services. However, a 2000 survey of U.S. county government offices indicated surprisingly low availability of broadband Internet access. See NACO (2002) for details. 9 See Eisenach (2001) and Kelly (2001) . 10 Carnegie Mellon University and 3 Rivers Connect (2002) 11 Michigan SB 880 limits Right-of-Way fees and reduces permitting delays for broadband providers. See Michigan.gov (2002) and the dynamics of private-sector broadband service competition. We intend to achieve both comprehensiveness and rigor by combining statistical analysis of a large number of local experiences with a series of in-depth case studies of the entire process. 12 The expected contributions of this project are oriented toward both research and practice. We anticipate generating new knowledge that describes and explains the antecedents and consequences of local government decision-making in the formulation of broadband strategies. We expect to systematize and organize this knowledge to help local governments formulate broadband strategies more effectively, rapidly, and at less expense than they can today, by digesting the lessons from communities that have gone before, and placing them in appropriate context.
Broader Impacts
Finally, we expect this work to have the following broader impacts for society. First, it will illuminate models that help government make the best use of its scarce resources when partnering with the private sector, especially in cases that involve rapidly changing technology. Assuming we can identify effective local government strategies, by reducing the effort required for action, application of these "best practice" models will stimulate broadband availability, increase competition and encourage ongoing innovation in network infrastructure. Finally, the study will develop working hypotheses and empirical findings concerning the relation of broadband to economic development and e-government, helping to guide communities as to what communications infrastructure investments to make-and not to make-in order to maximize the benefit for these core functions.
The communities that have traditionally been underserved by commercial telecommunications providers tend to be rural, low-income, and without a substantial business base. In several regions of the country (for example, the Mississippi Delta), these attributes correlate closely with above-average percentages of minority population. Providing guidance to underserved communities as to how best to achieve the benefits of broadband will disproportionately benefit these historically disadvantaged groups.
In addition to training graduate students, we expect the results of this work to be incorporated into graduate coursework, and we will develop materials suitable for educating local, state and federal government officials regarding our findings. Further, we hope that the academic/local government partnerships we have established for this project can serve as a model for diffusing research results to a broader public.
Research Questions
The questions we intend to address in this project can be divided into two sets. The first set of questions focuses on what kind of local broadband initiatives are being undertaken and why. The second set of questions deals with the consequences or outcomes of these initiatives.
Local broadband initiatives: what and why?
The obvious motivation for a local broadband initiative is the perception that the private sector is not proceeding at a satisfactory pace to supply affordable access to broadband services. FCC and Commerce Department statistics cited above provide ample evidence that broadband availability is far from universal. Studies of the so-called "Digital Divide" abound. 13 Yet the literature on public investment theory is riddled with conflicting arguments regarding when and how governments should take action to directly influence or supply infrastructure versus relying on private initiatives.
14 While the FCC asserts that "Advanced Services" are being made available by the private sector at satisfactory rates, politicians continue to introduce legislation to accelerate the rollout. 15 Without entering the normative debate on the when of government action, we are interested, in the first part of the study, in understanding positively why some communities choose to act and others do not, and the correlates of that decision. Later, as we evaluate the impacts of local broadband initiatives, we may be able to comment more concretely on the costs and benefits of various types of initiatives that have been undertaken, and thus shed light on the normative question.
More particularly, we want to know: What factors lead a community to undertake or decline to undertake a local broadband initiative? What types of broadband initiatives are taken? What characteristics of the community determine the type of initiative? How is the choice of administrative structure for the initiative related to the choice of what to do? How and where does the community draw the appropriate boundary line between activities to be undertaken by the government and those to be left to the private sector? 16 From Jacques Elul (1964) a generation ago to Lessig (1999) , Blumenthal and Clark (2001) , and Lemley and Lessig (2001) more recently, there has been continuous debate on the extent to which technology choices constrain economic, social and political outcomes. In choosing a technology approach for a broadband initiative, local authorities may determine in part the scope of competition in complementary services, and the flexibility of the investment as a platform for further innovation. We hope to shed light on the relationship between technologies chosen, the political and organizational context of the decision, and the resulting outcomes. In particular, we expect to build on Sirbu and Banerjee (2001) to clarify for communities the kinds of tradeoffs involved between minimizing costs in the short term, and fostering competition and innovation in the longer term.
Actions have consequences
The second set of questions deals with the consequences or outcomes of an initiative. These outcomes can themselves be subdivided into three areas: success or failure in making broadband services available economically; impact on e-government; and impact on economic development. (2002) 16 Donahue (1989) and Savas (2000) address some of these questions from a general perspective, and applications from different services and industries. the impact on broadband investment and entry by private sector firms? To what extent did the investment promote or inhibit competition either in broadband transport or in services?
An important aspect of the public investment debate has been the effect of public action on levels of private investment (Lehr, Willig, Bigelow and Levinson, 2002) . Does public investment discourage private investment, or does it stimulate investment in both competitive and complementary goods and services? A key issue for this project, therefore, will be to assess the extent of such investment by the private sector in response to governmental action. We expect that the extent to which the initiative promotes competition will be key; there is a growing literature on the benefits of competition on infrastructure investment. 17 Our research would supplement this work, and would seek to address the impact of local policy, if any, on the progress of competition and infrastructure investment. In the private sector, telecommunication service providers have historically been vertically integrated, both building facilities and providing retail services. Since the passage of the 1996 Telecommunications Act, we are engaged in a public policy experiment in the U.S. testing the viability of vertical de-integration, for example through leasing of unbundled network elements. Local governments are also experimenting with novel models such as providing wholesale-only services to multiple competing service providers. 18 Pricing wholesale services in a converged network environment is a poorly understood problem (Wang, Peha and Sirbu, 1997). We are thus particularly interested in analyzing, both theoretically and empirically, the viability of the various economic models advanced in the different local initiatives.
Second, we are interested in the impact of the initiative on government activities, or egovernment. There are no in-depth, large-scale studies of the relationship between the development of broadband access by a local government and its impact on e-government. We hypothesize that the consequences of broadband deployment for local government can emerge in a number of different ways.
For example, local broadband deployment may be associated with greater utilization by local governments of networked communications for governmental operations. Simple economics argues that ready availability, or alternatively, affordability of broadband, by lowering the cost of use, should increase consumption. More indirectly, communities that develop broadband infrastructure amass a critical mass of employees who are knowledgeable about the broadband technology, and thus act as a conduit for more rapid absorption of ideas for making use of the technology. Similarly, to the extent that the local broadband initiative succeeds in its economic development objectives and attracts high-tech companies, technology knowledgeable employees of these companies will act as advocates of increased use of networked communications by the municipality.
Typically, it is assumed that the availability of infrastructure will lead to its effective use, however Fountain (2001) has shown in a small number of illustrative cases that the relationship between the availability of information technologies and their effective use is mediated by organizational and institutional variables. Thus, availability of infrastructure is a necessary but not a sufficient condition for greater effectiveness in government. The present study would continue to illuminate the role of these mediating variables by focusing on the institutional contexts in which infrastructure is developed and the effects of that context on development.
An alternative hypothesis might suggest that a community that becomes greatly enmeshed in deploying a broadband network will neglect the collateral investment in applications development needed for successful utilization. We can test this by examining how utilization varies as a function of the extent of local government involvement in the actual deployment.
Another important area for investigation will be how the structure of a broadband initiative affects the use of the advanced communication capabilities by local government. For example, the decision to facilitate competition in broadband services delivery by promoting a neutrally administered infrastructure may enhance eGovernment utilization compared to the case where the municipality provides services delivery itself. The reasoning here is that competitive service providers will be motivated to market new applications to the local government and thus prompt higher levels of deployment of these applications. An alternative view might be that a municipality that uses a closed architecture to provide a full-range of services may utilize these capabilities in eGovernment more extensively because the municipal provider may have greater expertise as to government needs. 19 At this early stage in the development of eGovernment and broadband, it is premature to fully assess the relationship of eGovernment to broadband initiatives. However, the current efforts should provide valuable insight into local government processes that will prove crucial in both understanding the dynamics of eGovernment and in measuring performance outcomes. Our research will help capture the decision processes and the decisions themselves currently being made that will influence longer-term effects. We propose to collect these data while communities are in the process of making decisions regarding broadband access rather than trying to examine decision-making after the fact when it will be far more difficult to collect first-hand data.
Third and finally, we are interested in the impact of the initiative on economic development. The role of telecommunications in promoting economic development has been well studied (Hudson, 1988) . The economic impact of increased broadband availability may operate directly by attracting firms that rely on sophisticated telecommunications, or more indirectly by first attracting or promoting the development of residents who are technologically sophisticated, which in turn leads to firms locating in order to take advantage of the labor pool. Many local governments may be induced to adopt a broadband initiative to seek a competitive advantage over neighboring communities. However, it is unclear whether such early mover strategies convey lasting economic benefits. Early movers may have been burdened with higher costs, and have faced greater risks than municipalities that act later; therefore, generalizing from these first movers may be misleading. Further, while early providers of broadband infrastructure may gain competitive advantage in attracting firms to a region, as more locales make broadband available, it may shift from being a competitive advantage to a competitive necessity (Clemons and Kimbrough, 1986 ).
Again, because of the early stage of deployment, it is unlikely that we will be able to fully measure the economic outcome effects of broadband. Nevertheless, careful data collection at this stage will provide a firm foundation for future research, and perhaps some preliminary indications.
Research Methods
We propose to address the research questions discussed above with two empirical approaches: creation and analysis of a cross-sectional database of local government initiatives, and in-depth case studies of communities grappling with these issues. The two approaches will overlap in time, and each effort will inform the other.
Creation and analysis of cross-sectional database of local government initiatives
The first empirical method will involve statistical analysis of a cross-community panel dataset documenting what local governments have done. The analysis will focus initially on identifying the key factors and their relationships that influence the type of initiative undertaken. To analyze the effectiveness of different approaches in different contexts, we will need to combine data about initiatives with relevant data about the communities themselves, and with the type of information about outcomes that can be readily measured. 20 This analysis will allow us to test hypotheses about the clustering of initiatives, community types, and some aspects of outcomes. Because of the preliminary nature of current data about initiatives and outcomes, we will need to refine the specific hypotheses to be tested as the research progresses. Examples of the types of questions we expect to be able to address through hypothesis-testing include: Are towns with municipal electric systems more likely to focus on, and/or effectively execute, supply-side initiatives such as deployment of a municipal broadband network? Are demand-side initiatives, such as using the local government's buying power to induce private-sector investment, more likely to succeed in communities above or below a particular size threshold? Does the choice of initiative correlate with measures of deployment and adoption? Do supply-side initiatives correlate with less private sector investment, or more? Are college or university towns more likely to have a broadband initiative than towns that are otherwise comparable? Are communities that start later in time more or less likely to succeed? Does a strong prior local government commitment to e-government make the presence of a broadband initiative more likely or more successful? The common theme is that we expect broadband strategies to reflect local community circumstances, and do not expect to see a single strategy emerge as optimal for all communities.
• Significant data gathering, consolidation and synthesis work is needed to enable this analysis, which is based on three types of data: the nature of initiatives, their consequences, and community context. Context variables are available from government and other public data. For example, the U.S. Census provides data about community demographics, types of businesses and employment. Publicly available engineering cost models (used by state public utility commissions to implement provisions of the Telecommunications Act of 1996) provide data about the cost of deploying communications infrastructure in a community. We will use the resources of the Harvard Data Center, an NSF-funded data repository for research on government, as well as the resources of the Municipal Research Bureau and its equivalent organizations. We anticipate classifying municipalities based on type of government, e.g., city versus town, and level or degree of professional expertise relevant to broadband. The selection of relevant context variables for inclusion in the database will be based on a series of structured telephone interviews we will conduct of communities that have undertaken a range of initiatives. Because context variables are likely to fall across the domains of multiple academic disciplines, selection of context variables from interview results, and identification of data sources, will draw on the cross-disciplinary and cross-institutional strengths of the project investigators.
Despite the broad search that we have conducted of the sources and experts listed below, we have been unable to locate the existence of consistent and codified data about the nature and outcomes of local government broadband initiatives. We therefore propose to gather and synthesize these data into a database of consistent and comparable entries that we will then make publicly available. This effort represents an important step towards remedying the current dearth of empirical information.
To date, we have collected secondary source information on local broadband initiatives from a variety of sources, including:
• Communications, economics, and policy literature.
• Government reports on infrastructure development, including the FCC's Section 706 studies on the progress of advanced telecommunications services and various state-level and local reports on the status of broadband development.
• Federal, state, and local government broadband experts, including the Federal Communications Commission; the Department of Commerce (both the National Telecommunications and Information Administration and the Technology Administration); the National Association of Regulatory Utility Commissioners (NARUC) and its research arm, the National Regulatory Research Institute (NRRI); the Massachusetts Technology Collaborative (a quasi-public economic development corporation); the National Association of Telecommunications Officers and Advisors (NATOA, an offshoot of the National League of Cities, or NLC); as well as academic colleagues and several consultants and attorneys who specialize in advising municipalities on telecommunications issues.
• Web-based resources, including state and county organizations with an interest in broadband, trade associations such as the American Public Power Association (APPA) and the Fiber-to-the-Home (FTTH) Council, municipal telecommunications consultants, archives of relevant Internet discussion groups (listservs such as telecom-cities and muni-telecom), and the websites of communities already identified as having broadband initiatives.
This research has identified several useful elements that will contribute to the requisite database, including:
• The NRRI's Community Broadband Deployment Database, which identifies 261 broadband projects. This was the most extensive data collection that we were able to locate. The bulk of entries, however, represent purely private-sector initiatives, mostly undertaken by competitive local exchange carriers. While this represents a useful starting point, it misses many local government-led initiatives that need to be included to accurately reflect the scope of activities underway. Also, the information about the nature of projects is largely free form, and therefore difficult to compare across communities. Finally, contextual data is limited.
• Case studies of specific projects. These differ widely in their comprehensiveness and focus. They contain a wealth of useful information for our database, but it needs to be extracted, reformatted, and supplemented to provide the basis for a comparative evaluation.
• Lists of communities that have undertaken broadband or "community networking" initiatives. These lists have been compiled from a range of points of view, each of which intersects in different ways with our focus on local government as the unit of analysis. They provide a useful basis for identifying communities for our sample, but as with the other secondary sources, need to be supplemented with additional research to be useful. Sources of broadband community lists included the FTTH Council, which lists communities with any form of FTTH deployment; the American Public Power Association (2002), which surveyed its members in 2001 and found "approximately 450 public power systems that offer some kind of broadband services," including cable television and telephone service in addition to Internet access; "community networking" websites maintained by academics and public utility commissions; and other sources such as community websites and consultants, many of which report incomplete and inconsistent lists of communities with very little supporting information.
We are currently in the process of extracting and merging information from these sources to compile a list of communities verified as having undertaken local broadband initiatives with public participation (i.e., not purely private-sector initiatives). We will continue this process until we find that additional information is no longer significantly extending the range of local government-led broadband initiatives represented in the database, or through the first half of the proposal period, whichever happens first. To date, we have identified 420 communities, and completed the verification process for 75 of them. These 75 vary in their motivations, levels of sophistication and socio-economic realities. Examples that illustrate their diversity include:
The examples vary across a wide range of initiatives, motivations, levels of sophistication and socio economic realities.
Bristol, Virginia is a community of just over 17,000 people with per capita income of nearly $17,500. Motivated by community concerns for economic development, the municipal utility, Bristol Virginia Utilities (BVU), started deploying a fiber network to government buildings (including schools) in November of 1999. After a court battle for permission to offer services to the public, BVU has recently extended the fiber network to residences and businesses, and begun offering voice, video and data services .
The City of Sun Prairie, Wisconsin, has a population of 2,308 and income per capita close to $25,000. The school district asked Sun Prairie Water & Light to provide advanced telecommunication services at almost the same time as the city government was requesting proposals for linking city buildings and facilities. Wireless broadband Internet service was first introduced during 2001 and currently serves approximately 300 customers via radio antennae installed on the city's water towers. Prices start at $35 per month for residential, and $50 per month for business customers. Chicago, Illinois, is a major city of nearly 3 million inhabitants, and income per capita of about $20,000. Despite the city's large size and density, many citizens were underserved by the existing telecommunications infrastructure, with significant gaps in availability of broadband Internet access. The CivicNet initiative originated as a way to aggregate the city's buying power across diverse city agencies and schools, to induce private-sector investment in telecommunications infrastructure. The plan is to leverage the $320 million for data and IT services the city expects to spend over the next ten years and have the City of Chicago be the anchor tenant of a fiber network connecting the more than 1,800 public facilities and offices of Chicago. 22 The results of this identification effort will need to be supplemented with more detailed data about the nature and measurable outcomes of each initiative. We propose to generate this data through three overlapping stages of data gathering and synthesis. First, we will conduct a series of telephone interviews of primary government managers representing the range of initiatives in the sample. 23 These interviews will be structured to generate as much consistency as possible in the nature of the information collected. Access to appropriate government managers will be facilitated by the National Association of Telecommunications Officers and Advisors (NATOA), a national organization whose membership largely consists of local government officials concerned with telecommunications issues. NATOA has agreed to partner with the project, providing access to its membership as in-kind support (see NATOA letter of support under "Supplementary Docs").
The second stage involves synthesizing the information emerging from the telephone interviews to characterize the nature of local government broadband initiatives along multiple dimensions. This multi-dimensional classification step represents fundamental, multi-disciplinary research that has not yet been done (to the best of our knowledge), but is critical to the analysis: without it, statistical techniques cannot be meaningfully applied to comparison and analysis of different community efforts. Underlying this proposed research is the premise, supported by our data collection to date, that despite the fact that every local initiative is unique when all community context variables are taken into account, the nature of the initiatives themselves exhibit certain patterns and categories that can be extracted and classified. It may also prove possible to identify combinations of dimensions that are theoretically possible but have not yet been observed, leading to new models for communities to consider.
The dimensions of this classification effort do not fall neatly into the confines of any single academic discipline. Initiatives are distinguished by institutional factors, such as the organizational home of the initiative's leadership within the local government; economic and business factors, such as the choice of whether to focus on stimulating user demand or private-or public-sector supply; technical factors, such as the choice of networking technology to deploy in the case of supply-side initiatives; and cross-cutting factors that emerge from different types of initiative. For example, initiatives that involve public-private partnerships may be further classified according to where the dividing line is drawn between public and private responsibility. Initiatives that involve public construction or operation of broadband networking facilities may be further distinguished by whether the local government serves as a wholesaler and/or retailer of communications services, or whether the facilities are intended to serve residences, businesses, or government facilities (including schools, town office buildings, and public safety sites).
Effective classification of initiatives requires that these factors be considered together, not independently. The combined strengths of the cross-disciplinary team of investigators in the disciplines of computer science and engineering, political science, economics, business and policy will be required to accomplish this data synthesis task.
The third and final stage will incorporate the results of the telephone interviews and preliminary initiative classification scheme into a survey of an expanded sample of communities. The survey will augment the data gathering and synthesis in two ways. First, by surveying communities that are demographically similar but which do not yet appear in our lists, the survey will provide a check on any sampling bias in our data collection effort, and allow us to analyze the factors and conditions that characterize communities that have not adopted broadband initiatives. The survey format will also allow us to collect data from a broader range of actors involved in local government broadband initiatives, including private sector participants, providing an empirical test of our preliminary classification of initiative characteristics. Our partnership with NATOA and the National League of Cities (NLC) will assist us in efficient survey pre-testing, administration, and response.
Once the steps of data consolidation, gathering and synthesis are completed, we will analyze the data by formalizing and testing hypotheses such as those described above. We recognize, however, that this analysis will be limited to assessing only the types of outcomes that can be quantified or categorized. To capture other aspects and effects of local broadband initiatives that do not fit the quantitative model, we also propose to select at least three communities from our database for in-depth case study. The selection will be guided by the results of the telephone interviews and the preliminary initiative classification scheme, to ensure adequate variance among the three cases. Because the in-depth case studies will be carried out in parallel with the cross-sectional analysis, their preliminary results will also aid in the formulation of hypotheses to test on the cross-sectional data.
Case studies
Local governments will face important choices regarding broadband access during the next few years. By clarifying these challenges, the responses of government managers, and the implications of their decisions through the development of detailed case studies, we anticipate further building a knowledge base for researchers and helping government managers make more deliberate, better informed decisions regarding the decision paths taken by local governments that have successfully stimulated broadband access.
The technology enactment framework, developed during a decade of empirical research on government managers and the decision-making processes they have used to implement new technologies, serves as one theoretical foundation to guide the case study component our research design. In addition, a stream of research in political and organizational science has recently focused on evolutionary processes in government, specifically the importance of path dependence, timing, and sequencing. 24 It is not clear where in a path, or stream of decisions, local governments chosen for case research will fall. However, we propose that it is important to capture the start conditions and early decisions regarding broadband access in order to collect detailed, accurate data from the actual managers and other decision makers involved while they are in the process of puzzling over these challenges. Our case studies will be grounded in these theoretical approaches yet exploratory enough to allow us to consider variables and relationships that may not be articulated in existing theories.
We propose to undertake at least three detailed case studies of three local governments (municipalities, groups of municipalities, or counties) that are in the early stages of problemsolving and decision-making with respect to broadband access. To the extent possible, we intend to select communities to maximize the variance in bundles of local conditions that might lead to different types of strategies for building broadband capability. Variables we will consider include demographic indicators such as size, household income, and population density; economic indicators such as business density, existing communications infrastructure, and the local government's financial resources; and structural political indicators such as the presence of a municipal electric utility, state laws restricting local government action, and status of egovernment initiatives. Our intent is not to produce generalizable results from the case study research, but to examine and to explain in detail how local conditions and a range of start conditions in particular types of communities enable and constrain the strategies that local government managers can undertake to stimulate broadband.
Three graduate students, one from each of the institutions involved in the study, will carry out the data collection and case study analysis under the direct supervision of the faculty investigators at each institution. Based on her extensive experience with field research and case study methodology, Jane Fountain will serve a coordinating role to ensure rigorous, consistent data collection methods across institutions and cases. The students will collect background information about the municipalities, drawing from the survey and database development portions of our study (see above) and by collecting other primary and secondary sources to understand the relevant history, culture, institutions, politics, and other contextual factors in which decision-making regarding broadband is embedded.
We will conduct a series of systematic face-to-face interviews with the key actors involved in the decision-making processes in each local government. We will use the interviews to triangulate across methods, that is, as a check on the validity and reliability of the results of the telephone interviews, survey, and our review of available government documents. The interview data also will expand greatly upon the data collected through telephone interviews. We expect that the actors interviewed will include those with official responsibilities for broadband access. As interviewers learn from their interviews who the central decision makers are, the list of interviewees may grow in order to encompass all the key decision-makers in a given community. The interviews will be conducted using a standard interview protocol 25 whose items follow from the research questions and hypotheses detailed above. We are interested not only in what and why decisions are made but in what sequence. 25 Interviewers will take notes or tape record their interviews, with permission from interviewees, and will agree not to communicate interview results without the permission of the interviewee and to provide those interviewed with at least a summary of the research results. Field researchers will write up their notes, if sessions are not recorded, immediately following their interviews and send their notes to interviewees to be reviewed for accuracy and to gather details that may be missing from the notes. Interviews are recorded by date, place, and name of interviewee and interview data remain linked to their sources. No interviewee will be quoted without his or her permission.
The case studies also are intended to provide detailed data regarding the effects of broadband access on economic and governmental development. We are limited by the three-year time horizon of the proposed study. We intend, however, to probe for the ability and propensity of local governments to leverage their information infrastructure to promote economic development and innovation in government. This implies that government managers responsible for economic development will be interviewed as well as, possibly, the head of the chamber of commerce and other individuals likely to be most knowledgeable about new business startups, negotiations, proposals, and competition among local governments for business development. Regarding innovations in government, field researchers will interview several department heads in addition to chief information officers (or the closest equivalent) to gather information on the ways in which broadband has enabled the development of e-government in three ways: first, provision of information and services to citizens; second, internal process redesign efforts to take advantage of enhanced infrastructure; and, third, government-government partnerships whether across agencies or broader jurisdictions.
Finally, we expect that the results of intensive field research will feed back into refinement of hypotheses to be tested using our database of local governments. For example, we may find that the size or average income of a locality influences alternatives in ways that are not apparent from a quantitative analysis or we may discover mediating variables that are significant. More broadly, the case study research will inform our understanding of the underlying causal mechanisms that influence local government decision making with respect to broadband.
Involvement by Government Managers
Government managers will play active roles in ensuring both the success of the project and the relevance of the research to the needs of the practitioner audience. We propose to involve government managers in the project in three capacities: advisors, partners, and case study site hosts. Two national associations have agreed to partner with us to assist with data collection from, and dissemination of results to, the government practitioner audience. NATOA has agreed to allow us access to the relevant government practitioner audience that resides within their membership (see the letter from NATOA submitted under "Supplementary Docs"). In particular, NATOA has agreed to an in-kind contribution of their resources (including access to their conferences, mailing list, and the mailing lists of other sister organizations) to ensure an adequate response to the proposed survey. In addition, NARUC has agreed to an in-kind contribution of expertise from the National Regulatory Research Institute, to provide data on state laws and state-level networking initiatives that bear, positively or negatively, on local government broadband efforts. Finally, both NATOA and NARUC run conferences and websites which will provide suitable venues for the project's researchers to receive feedback from the local government practitioner community on preliminary results, and to disseminate final results.
The UTOPIA project, Paul Morris, Executive Director, will also be a major partner. UTOPIA is an interlocal government agency in Utah with 17 founding cities deploying a publicly owned advanced telecommunications network to all homes and businesses within member communities. Utopia has agreed to commit significant resources to assist the design of the research project, the facilitation of access to member communities, and the dissemination of research results (see the letter from Paul Morris submitted under "Supplementary Docs").
Finally, for the project to proceed as planned, three communities will need to agree to be case study sites, which will require the active involvement of government managers in those communities as facilitators and interviewees. Because the selection of case study sites will need to be informed by research done in earlier stages of the project, it is not possible to identify these sites at this time. However, we have included letters from two communities that have already indicated their willingness to serve as case study sites, should their selection prove appropriate (see letters from Paul Morris of UTOPIA and Morgan Baldwin of the Tupelo, Mississippi MegaPOP project, submitted under "Supplementary Docs"). These letters clearly demonstrate the level of enthusiasm for the proposed research from local governments with interest in this issue.
Dissemination of Research Results
We will disseminate the outputs of our research to practitioners and scholars via: (1) publications and presentations by the research principals and graduate student researchers; (2) Web-based access to the cross-sectional database; and (3) Web-based tools to enable structured (and assisted) access to the data.
Publications and presentations
We plan to publish a series of research papers documenting the findings from this research in peer-reviewed journals. In addition, the work will be presented at various workshops and conferences in the United States and abroad. Each of the principal researchers on this project participates in a range of international and national conferences with multi-disciplinary attendance that focuses on telecommunications technology, business/economics, public management, political and other social sciences, and communications policy issues. Some of the conferences where this work would likely be presented include: Telecommunications Policy Research Conference; Rutgers' Conference on Telecommunications Regulation; International Telecommunications Society Conferences; and the annual meetings of the Association for Public Policy and Management, the Academy of Management, the American Political Science Association, and the American Association for the Advancement of Science. In addition, our association partners (NATOA and NARUC) provide conference venues that should prove suitable for us to use to reach the government practitioner audience for this research.
Web-based access to cross-sectional database
Once we have completed the database of community initiatives in context, we plan to make it available on the web for access by scholars and public officials for use in tracking, analyzing, and formulating broadband initiatives and progress. We will encourage a variety of nonprofit, government, and academic researchers to link to the data repository in order to increase its availability. The data repository will be available through the web sites of the National Center for Digital Government at Harvard, MIT's Program on Internet & Telecoms Convergence, the Information Networking Institute at CMU, and potentially via the project's association partners (NATOA and NARUC).
Web tool for accessing data
Finally, we plan to create a web-based tool to facilitate access to and use of the data. This will enable structured data queries to generate sub-samples of communities according to a variety of conditions. For example, this tool would enable communities to input their relevant data and gain answers to questions such as "What other communities are similar to mine, what have they done, and what has and hasn't worked?"
Prior Research
The Principal Investigators have conducted extensive research in areas related to the current proposal. Beginning in the late 1980s, with funding from Bellcore, Prof. Sirbu examined the economic viability of fiber to the home (FTTH) networks, and the policy issues surrounding local exchange carrier entry into the video delivery market. While there was great enthusiasm at the time for FTTH, and numerous trials around the world, Sirbu, et. al. (1989) showed that FTTH was not economically viable, and would not become viable for another decade, a result borne out by subsequent events. In research for General Instruments, Omoigui, Sirbu, et.al. (1995) compared the economics of HFC and FTTC architectures, in the process developing novel methods for automatically laying out and pricing HFC networks. The results strongly influenced GI's decision to expand beyond HFC by acquiring Next Level, a FTTC supplier. More recently, a series of studies, funded by the MIT Program on Internet & Telecoms Convergence (MIT ITC, an industry-sponsored research program), developed engineering economic models for comparing DSL, HFC and broadband fixed wireless access (BFWA) networks for the delivery of Internet access and Voice over IP services. These models, which draw on detailed subscriber data for all 50 states, allow the comparison of technologies in areas ranging from urbanized Delaware to rural Montana. The results (Fryxell, Lanning, 1999, Wanichkorn and Sirbu, 2002) show that HFC architectures dominate in urban areas, while BFWA networks dominate in rural regions. Research currently underway is again examining FTTH architectures using the latest technologies and costs, and with special emphasis on the implications of technology choice for competition in service delivery. Sirbu and Banerjee (2002) (NRC, 2002b) , a study of technology and policy issues surrounding broadband local communications services. This report lays out the technology alternatives for local broadband and discusses in detail various policy concerns related to the availability of broadband. Chapter 5 specifically examines the issues surrounding local government broadband initiatives and recommends an agenda for further research. In work sponsored by the MIT ITC, Clark, (1999), and Clark, Lehr and Liu, (2002) look at the relationship between local loop technology and industry structure, showing why the emergence of broadband is likely to sharply reduce the number of Internet service providers, and looking at models for maximizing competition, given technological realities. For the past decade, Prof. Fountain has extensively researched the interaction of institutional, technological, and governmental change (Fountain 1998; Fountain and Atkinson, 1998; Fountain, 2001c) . She has developed a theoretical framework, the technology enactment model, which describes the mediating role played by organizational, socio-structural, and institutional variables in the development and implementation of new information technologies (Fountain, 2001a; 2001b; Fountain and Osorio-Urzua, 2001 ). The empirical base for the development of the theory has drawn on efforts of government organizations-including the U.S. Army, the Customs Service, and the Small Business Administration--to use IT across functions and jurisdictions. Currently, Prof. Fountain has an NSF grant to launch a National Center for Digital Government and to continue this line of research on government-to-government collaboration on IT-based projects. The research proposed here would extend the theoretical framework to local level government decision-making and would extend the technologies focused on to include broadband. A second active NSF grant funds extension of social science frameworks for research on digital government. The NMIS project was a large multidisciplinary, multi-institutional effort aimed at exploring some of the technical, economic and policy issues associated with the delivery of multimedia information over open networks such as the Internet. The use of a pricing mechanism is one way of ensuring that those who value broadband resources highly are most likely to be able to obtain them. Accordingly, this research analyzed the relationship between the demand for network services, pricing of resource reservation as well as network usage, and optimal levels of capacity.
Results of Prior NSF Support
The research led to a three-stage model for determining optimal capacity investment in the long run, optimal pricing of virtual circuits in the presence of time varying demand, and optimal congestion-based pricing for best-effort traffic. Extensive simulations were conducted to examine the impacts on price, profits and consumer welfare of time varying demand, cross elasticity of demand among guaranteed services, and various forms of resale. This research was reported in several articles and in a Ph.D. dissertation by Qiong Wang: Wang, Peha, Sirbu, (1996) Wang, Peha Sirbu, (1997), Wang (1998) . The issues examined in this prior project are particularly relevant when analyzing the economic viability of local "open access" models, such as Grant County's Zipp Network, in which the municipality wholesales packet transport to multiple heterogeneous service providers. The objective of this project is to dramatically increase the availability of wireless network access services by creating a rich, heterogeneous, dynamic and market-based playing field for offering and using these services. One component of the project, a hardware device, acts as a nexus for personal communications services, interfacing between, on the one hand, a broad range of digital "jewelry" in the possession of a user, and on the other hand, a wide range of network service providers interested in supplying connectivity to that user. The second component of the personal router project is focused on the algorithms and economic infrastructure that support use of the hardware device to rapidly and easily acquire services that may be environment, location, or performance-specific. Several PhD and masters student projects are underway; results of the automated negotiation portion of the project to date have been presented in Faratin, et al (2002) . This award will support the initial development of a social, political, and policy research center on the topic of government enabled by information technologies. Initial research will begin in two areas: i) institutional analysis (how information technologies are brought into government and affect the organization and its modes of operation, in particular across multiple agencies), and ii) policy networks as informational and deliberative structures. Other elements of the award will support the center aspects of the proposal to draw in and support the formation of a research community. These elements include a Doctoral Fellows program, support for graduate students, seminars, workshops, and other forms of outreach.
The National Center is building human resources in science through a seminar series, workshops on research methods, active engagement with government managers and partnerships. Currently, the center houses eight fellows. Center fellows engage in the seminar series and workshops, an informal discussion group for research in progress, and the ongoing research of the PI and co-PI. A competitive fellowship program will begin in 2003. As part of its outreach activities, the center currently includes 18 affiliated researchers from eight different departments and universities.
This research, a continuation of Fountain's research program, should contribute substantially to the proposed project by providing insights on research methods appropriate for examing local decision-making regarding broadband initiatives and in evaluating the impacts of these initiatives on eGovernment.
Project Plan
Project tasks are divided into four overlapping phases, as illustrated in the timeline chart on the next page. Phase 1 represents data gathering and consolidation; Phase 2, data analysis; Phase 3, in-depth case studies; and Phase 4, dissemination of data and results. Overall coordination of the project will be the responsibility of co-PI Sharon Gillett, who will serve as project manager.
For the first half of the project, a doctoral student at each of the 3 universities (MIT, CMU and Harvard) will be assigned to the data gathering tasks, in a coordinated fashion. The exchange of perspectives among researchers and students from different disciplines, programs and institutions is expected to lead to significant opportunities for intellectual fertilization.
As soon as results of the data gathering tasks begin to become available, we will begin our synthesis of an initiative classification scheme. We will continue to refine this scheme throughout the project. All project researchers and students will contribute to this task, providing a significant opportunity for teaching and learning.
One graduate student from each university will carry out the in-depth case studies, which will include an on-site component. The case study process will begin midway through the project. At that time, an additional graduate student will be added to the project at MIT and CMU, so that the survey development, statistical, and any other economic analysis tasks can proceed in parallel with the in-depth case studies.
Dissemination of project results will involve development and maintenance of web pages and database access tools. These tasks will be the responsibility of an MIT undergraduate, provided at no cost to the project by MIT's Undergraduate Research Opportunities Program.
-22 - Develop initiative classification scheme (data synthesis) X X X X X X X X X X X X X X X X X X X X X X X X X X X 2 Identify target communities for survey The National Association of Telecommunications Officers and Advisors (NATOA) would like to express its interest in and support for the project "Local Government Stimulation of Broadband: Effectiveness, E-Government, and Economic Development," proposed jointly by the Massachusetts Institute of Technology, Carnegie Mellon University, and Harvard University, for an NSF Digital Government grant.
NATOA is a not for profit professional association made up of individuals and organizations responsible for -or advising those responsible for -telecommunications policies and services in local governments throughout this country. NATOA has a long-standing policy platform that fully supports the provision of broadband services to all consumers nationwide. Our members have worked diligently over the years to bring the best technologies into their communities and to see them made available to all of their citizens and businesses. One area in which our members are lacking information relates to the successes they have experienced. We often hear about the failures, but too frequently fail to share the positive outcomes and how those results were achieved.
The goal of the proposed work is to digest lessons from local governments that have tried a range of strategies for stimulating broadband, and to place those results in appropriate theoretical and situational context. This work directly addresses a critical need identified by the National Research Council in their 2002 report Broadband: Bringing Home the Bits, for improved understanding of local government practices -both best and worst -for encouragement of broadband deployment and use.
NATOA expects that this study will assist our local government members by:
• Collecting and analyzing data we would not have the resources to do on our own • Documenting the best uses of scarce local government resources • Bringing academic rigor and independence to the analysis In short, we expect that the proposed collection, analysis and dissemination of knowledge will save time and resources for the local governments that NATOA serves.
In addition, NATOA is willing to make the following types of in-kind contributions to the success of this project:
• Assistance with data collection and survey response, by giving access to the broad government practitioner audience of its members. o NATOA will also explore other opportunities, including the use of NATOA's regional and national conferences.
The estimated equivalent dollar value of this contribution is a minimum of $2,500.00.
NATOA strongly believes that the end result of this research will be extremely valuable to all local governments. I am personally committed to seeing the best possible outcome, and to that end, I would be pleased to serve as a member of the advisory board to the research team. Given my years of experience within local government, and specifically my experience with respect to telecommunications issues, I hope to offer the team addition insight into the local government perspective.
We look forward to participating in this joint research effort.
Sincerely, Denise M. Brady President cc: Libby Beaty, Executive Director
